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An im portant adaptation in organisms to  withstand osmotic variations 
in their ex ternal medium, is the ir efficiency of regulating intracellular 
concentration. In this context, cell volume regulation appears as a  funda­
mental mechanism. The problem of cell volume regulation becomes crucial 
in the establishm ent of organisms in aquatic environment with fluctuating 
osmolarities.
The ability to  osmoregulate may vary with developmental stages 
of organisms. Sexual differences in osmoregulatory ability have also been 
reported. It is suggested tha t as marine organisms invaded low saline waters, 
mechanism of osmoregulation evolved so th a t  energy becomes expended 
by these organisms for osmoregulation (Croghan, 1961). Those organisms 
tha t are b e tte r  adapted to  osmoregulate would have a competitive advantage 
over other estuarine species which is reflected in their wide distribution 
in estuarine waters.
The brackishwater and marine environment are  diverse with respect 
to  environmental factors, which may probably have significant influence 
on the physiology, reproduction and growth of the  animal. The euryhaline 
crustacean Metapenaeus monoceros, completes its  life history in two distinct 
environment namely offshore and inshore waters. During its course of 
migration, the  dual problem of internal dilution a t  lower salinities and 
internal concentration a t  higher salinities is also faced by this shrimp.
Crustaceans being with chitinous exoskeleton and open circulatory system, 
have limited ability to  swell or shrink in response to  changes in osmotic 
movement of w ater. A review of the lite ra ture  reveals that considerable 
amount of work has been done dealing with osmoregulation in penaeid prawns. 
This is mainly because of the wide commercial in teres t in them in tropical 
and sub-tropical waters. Moreover, life history of these prawns has evinced 
special in teres t among many workers.
The compounds which were first recognised as potent osmotic 
effec to rs  are  the  inorganic ions mainly tha t of Na and K. It is only very 
recently  th a t  some low molecular weight organic compounds like free  amino 
acids have been studied in relation to  their possible role as intracellular 
osmotic effec to rs . Though much work has been done on the osmotic and 
ionic regulation in crustaceans, much of the current understanding of the 
mechanisms is based on the study of a limited number of decapods and 
a  few highly specialised examples of other forms. In spite of the common 
occurrence and osmotic problems faced by monoceros, little  work has 
been done on its  physiological adaptations to  varying environment except 
by Panikkar and V ishw anath^948).
The present investigation was taken up with a  perview to understand 
the modifications of organic compounds and excretory responses to  different 
osmotic conditions in the prawn _M. monoceros. Two sets  of experiments 
were conducted with required repetitions in the present study. In the first 
set, low saline acclim atized prawns were transferred to  high saline water
and in the second set, high saline acclimatized prawns were transferred 
to  low saline w ater. The e ffe c t  of osmotic stress was then monitored 
by determining the  ammonia excretion ra te  and organic constituents like 
protein and to ta l  free amino acid in different tissues viz, muscle, hepato- 
pancreas and haemolymph. Similar experiments were also conducted on 
isolated muscle tissue. The second aspect studied was on the responses 
of neurosecretory cells in d ifferent neuroendocrine masses under different 
osmotic environment. Though i t  has been established beyond doubt tha t 
in crustaceans hormones influence life  processes like growth, molting and 
reproduction, very lit t le  work has been done on the  hormonal im pact on 
osmoregulation. Moreover, several of the earlier investigators did not consider 
the possible role of neuroendocrine factors in osmoregulation. Till recent 
times, very few studies have been made on the changes occurring in neuro­
secretory cells in response to  osmotic stress. The observations made at 
present are  promising and they show th a t different neuroendocrine masses 
of the neurosecretory system may have some role in the  control of osmo­
regulation, which is yet to  be clearly understood. Since the present work 
was tim e bound, o ther details of endocrine control on osmoregulation could 
not be investigated. The field is wide open for further detailed research.
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Estuarine crustaceans living in an environment of varying salinities, 
face g rea t osm oregulatory problems. Presumably, such animals could either 
possess well developed osmoregulatory powers or lacking these they move 
on to favourable environment. Those organisms surviving in such demanding 
conditions have evolved adaptations to  meet the  variability (Kinne, 1967). 
Such organisms maintain stable osmotic pressure of blood and cells with 
changing ex te rnal salinities e ither by extracellular anisosmotic or intracellular 
isosmotic regulation (Florkin, 1962). Considerable work has been done to 
investigate the  ability  to  regulate  the  intracellular and extracellular osmo** 
larity  in marine invertebrates as reviewed by Potts  and Parry (1963); Florkin 
and Scheer (1970) and Gilles (1979).
It is only very recently  th a t  some organic compounds have been 
studied in re lation to  their possible role as intracellular osmotic effectors.
The basic concept behind this is th a t  there is a close link between deami­
nation activ ity  and amino acid modification in isosmotic regulation (Gilles, 
1977). The role of protein molecules as a storage system for amino acids 
has also been im plicated (Wieser, 1965; Gilles, 1977).
Many studies in recen t years have dealt with the free amino acid 
content of animals, isolated tissues and cells exposed to  osmotic stresses.
Duchateau and Florkin (1955) were the first to  analyse the free  amino 
compounds present in the tissue of Eriocheir sinensis subjected to  osmotic
shock. The volume control process as well as re la ted  adjustments of intra ­
cellular amino acid content have been studied in protozoans like Miamiensis 
avidus (Kaneshiro e t  al.,1969)and in a variety of invertebrates and vertebrates  
as reviewed by Gilles (1974) and recently in non-halophilic bacteria  
(Measures, 1975). The role of amino acids and the ir  modifications under 
hyposmotic s tress  has been studied in the shore crab, Carcinus maenas 
(Binns, 1969) and the  mud crab, Panopeus herbstii (Boone and Claybrook,1977). 
Baginski and Pierce (1977) studied the tim e course of intracellular free 
amino acid accum ulation in the  tissues of the mussel Modiolus demissus, 
during high salinity  adaptation. Role of free amino acid pool in adjustments 
to the increase or decrease in external salinity was reported by Farmer 
and Reeve (1978) in the  copepod, A cartia  tonsa. Me Coid e t  ^ .(1984) observed 
variations in the  free amino acid content in the muscle of Penaeus vannamei 
when subjected to  increasing salinities. Similar studies have also been 
carried out by Dalla Via (1986) in the juveniles of kuruma prawn, Penaeus 
japonicus.
Studies have revealed th a t  isolated tissues also exhibit the 
phenomena of volume regulation, especially under hyposmotic conditions.
Schoffeniels (1960) dem onstrated the  accumulation of ninhydrine positive 
substances following hyperosmotic shock in the isolated axons of the  crab 
E, sinensis. Changes in the amino acid pool under hyposmotic conditions 
were also studied in the isolated axons of Callinectes sapidus (Lang and 
Gainer, 1969) and isolated h ear t muscle of _M. modiolus (Pierce and 
Greenberg, 1970). Bedford (1971) reported on the variations in amino-nitrogen
in isolated foot muscle of the mollusc Melanopsis trifascia ta, submitted 
to  hyperosmotic shock. The fluxes of amino acids in relation to  different 
osmotic conditions have been studied in the isolated axons of sapidus 
and K  sinensis (Gerard and Gilles, 1972; Gilles, 1973). While these studies 
suggest a possible osmoregulatory role for tissue free amino acids, the 
physiological and metabolic mechanisms controlling the variations in the 
concentration of amino acids are  yet to  be completely resolved.
The modifications of blood protein concentration following the 
application of hyposmotic stress have been reported in maenas (Siebers 
e t  j^,,1972; Boone and Schoffeniels, 1979) and sinensis (Gilles, 1977), 
The e ffec t of salinity  on the to ta l protein concentration in the haemolymph 
of Penaeus monodon was also investigated by Ferraris ^  ^.(1986). Bedford 
(1971) conducted studies on the control of intracellular isomotic regulation 
in tr ifasc ia ta  and emphasised the role of protein as a reserve for amino 
acids.
Several studies were conducted to determine the changes in ammonia 
excretion in euryhaline species. Haberfield ^  (1975) investigated the 
excretion of ammonium ions and free  amino acids a f te r  a decrease in salinity 
in the shore crab, C. maenas and polychaete, Nereis virens. The ammonia 
excretion during low saline acclim ation was studied in C, sapidus (Mangum 
^  ^ .,1 9 7 6 ) and the euryhaline bivalve, _M. demissus (Bartberger and 
Pierce, 1976). The uptake of exogenous ammonia and changes in endogenous 
nitrogen compounds during high salinity acclimation was investigated by
Armstrong ^  aL(1981) in the prawn Macrobrachium rosenbergii* Excretion 
of nitrogenous products by japonicus in relation to  high saline and low 
saline condition was elaborated by Spaargaren ^  aL (1982). Study was 
also made in Crangon crangon (Regnault, 1984) on the salinity induced 
changes in ammonia excretion.
Extensive work has been done on the e ffec t  of ligation or removal 
of eyestalks on osmoregulation in a number of decapods. Heit and 
Fingerman (1975) elaborated the  role of an eyestalk hormone in the sodium 
concentration o f the  blood of fiddler crab? Uca pugilator. Comparable study 
was also made by Davis (1978) in the same species. Hormonal control 
of osmoregulation was also dem onstrated  by Nagabhushanam and Jyothi(1977) 
in Caridina weberi and Diwan and Laxminarayana (1989) in Penaeus indicus.
Raghavaiah ^  (1980) and Ramamurthi ^  (1982) reported on the 
neuroendocrine control of nitrogen metabolism in Indian field crab, 
Oziotelphusa senex senex. Raman ^  (1981) concluded tha t an eyestalk 
hormone regulates ammonia excretion in Macrobrachium lanchesteri.
Metapenaeus monoceros though a marine penaeid, lives in the 
estuaries. Life histories of many species belonging to  the family Penaeidae 
have been investigated  (Menon, 1933 and 1951; George and Vedavyasa 
Rao, 1968; Panikkar, 1968). It has been reported th a t the highly fecund 
females of this species liberate  the  eggs demersally in the offshore waters 
and post larvae m igrate  to  the  brackishwaters for growth. Panikkar and 
VishwanatlBn(1948), pointed out th a t  adults of monoceros have b e tte r  
osmoregulatory ab ilities than Penaeus setiferus and Penaeus aztecus. However,
sufficient da ta  would be required to  understand whether the euryhalinity 
of this species depends on the efficiency of their mechanism of intracellular 
fluid isosmotic regulation.
Though many studies have been made on the  regulation of inorganic 
molecules in response to  osmotic stress in crustaceans (Denne, 1968; Dali 
1970; Castille and Lawrence, 1981), i t  is only very recent tha t variations 
of some organic molecules mostly free  amino acids were studied under 
different osmotic conditions (Florkin and Schoffeniels 1969; Schoffeniels 
and Gilles, 1970; Lange, 1972; Gilles, 1974 and 1977). However, information 
is lacking with regard to  protein variation and its  relation to amino acid 
pool under osmotic stress. And also a review of lite ra tu re  pertaining to 
neurosecretory studies till to  day reveals th a t  very few studies have been 
made on the changes occurring in neurosecretory cells in response to  osmotic 
stress in crustaceans.
The present study was in itiated  to  understand the physiological 
mechanisms involving the amino acid and protein regulation, th a t  might 
account for the  success of the species in salinity acclimation. Therefore 
in the present investigation, an a ttem p t was made to  study the sudden 
e ffec t of osm otic stress on the  neurosecretory cells of different neuro­
endocrine masses, protein and free  amino acid content of haemolymph, 
muscle and hepatopancreas and the  ammonia excretion ra te  of the  prawn 
M. monoceros.
For the  study, seventy two adult prawns Metapenaeus monoceros 
of length ranging between 90-100 mm were collected from wild. Normal 
and healthy animals were chosen and transported to  the laboratory in live 
condition. Only in term olt animals were selected for experimental purpose, 
without regard to  sex. The salinity o f the water a t  the  time of collection 
of animals was around 3.8%o* The animals were then divided into two groups
I and II, each comprising of 36 animals and transferred to  two large 1 
tonne fibre glass tanks filled with filtered and well aerated  seaw ater of 
strength 596q and 35%o,respectively. The desired salinities were prepared 
either by diluting seaw ater with tapw ater or by partia l freezing of seawater. 
The animals were acclim atized to  the  above salinities for a period of ten 
days before using them for the  experiment. During this period they were 
fed on clams. A fter acclim atization, animals of Group I were further 
divided into two batches A and B, each comprising of 18 animals which 
were again divided into 6 sub-groups of 3 animals each. Likewise, group
II was also divided into two batches C and D, which were further divided 
into 6 sub-groups.
In order to study the effect of osmotic stress, animals of batch 
B which were acclimatized to low saline water were transferred to high 
saline water of strength 35 %o and kept in 6 plastic tubs. Each of these 
aerated tubs contained 3 animals. Similarly, the animals of batch D
acclim atized to  high saline w ater were transferred to  low saline w ater 
of strength 5%q. Batches A and C were used as control and werre maintained 
in two sets  of 6 corresponding tubs with the  experim ental groups. The 
experiment was se t  up for a period of 48 hours and the prawns were 
not fed then.
Before initiating the experiment, the first water sample from 
all the tubs were taken and the initial concentration of ammonia recorded. 
A fter the s ta r t  of experim ent, animals of the first tub from all the  four 
batches A, B, C and D were sacrificed a t  ’zero hours’ and th e reaf te r  
3, 6, 12, 24 and 48 hours respectively. Before sacrificing, the animals 
were weighed individually and the ir  haemolymph collected through the 
pericardial cavity  with the help of hypodermic syringe. Every tim e before 
the ex traction  of haemolymph, the  syringe was rinsed with an anticoagulant 
(10% sodium c itra te ) .  Haemolymph thus collected was transferred to 
glass vials and maintained in frozen condition until use. Simultaneously, 
w ater samples from all the tubs were collected a t  every corresponding 
hour to determ ine the  ammonia concentration. A fter extracting the 
haemolymph, anim als were quickly dissected to  remove the muscle and 
hepatopancreatic  tissue and analysed for protein and to ta l free amino 
acid content. In order to  study and identify changes occurring in the 
neursecretory cells, the  optic, cerebral, thoracic and abdominal ganglia 
were removed and fixed in Bouin's fluid.
A fter 48 hours of fixation, the  tissues were washed in running 
tapw ater for a tle a s t  4 hours. The tissues were then dehydrated in ascending
grades of alcohol (70-100%), keeping in each grade for 10-15 minutes and 
la te r  cleared in xylene. Before embedding the  tissues in paraffin wax, 
hot impregnation was done (in molten wax) for half an hour. A fter hot 
impregnation, blocks were prepared and trimmed and serial sections were 
then cut a t  4-6 ^u, using a  manual ro tary  microtome. Sections were then 
deparaffined in xylene, stained with Mallory's trip le  stain and mounted 
in DPX, Photomicrographs of the histological preparations were taken 
using Olympus Universal Research Microscope.
Isolated muscle tissue
For conducting experiments with isolated muscle tissue, 84 adult 
prawns were co llected  from wild and divided into two groups I and II, 
each comprising of 42 animals and acclim atized as mentioned earlier in 
saline w aters of s treng th  5%o and 35%o respectively. A fter acclim atization, 
animals of group I were divided into two batches A and B, which were 
further divided into 7 sub-groups of 3 animals each. Likewise, group II 
was also divided into two batches C and D, which were further divided 
into 7 sub-groups. Muscle tissue was isolated from each animal of all 
the sub-groups and weighed individually. For the present experiment 500 
mg o f muscle tissue from each animal was used.
Muscle tissue individually isolated from all the three animals of 
each sub-group o f batch B which were acclim atized to  low saline w ater 
were placed in th ree  separa te  1 litre  beakers, each containing 500 ml of
high saline w ater of s treng th  35 %q. The w ater was well aerated. Likewise, 
muscle tissue isolated from all the  th ree  animals of each sub-group of 
batch D which were acclim atized to  high saline w ater were also placed 
in three sep a ra te  1 l i t re  beakers, each containing 500 ml of low saline 
w ater of s treng th  5%o. Isolated muscle tissue from animals of batches 
A and C were used as control and maintained in 2 sets  of 21 corresponding 
beakers with the  experim ental groups. The experim ent was se t up for 
a period of 12 hours.
Before initiating the  experim ent, the first w ater sample from 
all the  beakers were sampled and the  initial concentration of ammonia 
recorded. A fter the  s ta r t  of experim ent, isolated muscle tissue from 
3 beakers of the  f irs t sub-group of all the four batches A, B, C and 
D were removed a t  ’zero  hours’ and subsequently a f te r  2, 4, 6, 8, 10 
and 12 hours. The muscle tissue was analysed for protein and to ta l 
free  amino acid con ten t.
Chemical analysis
Protein  con ten t of the muscle, hepatopancreas and haemolymph 
was determ ined by Biuret method (Gornall ^  1949). Bovine serum 
albumin was used to  prepare the standard  curve.
Total f ree  amino acid con ten t was determined as per the method 
described by Yemm and Cocking (1955). A mixture of glycine and glutam ic 
acid was used as th e  standard . The optical density ‘was measured a t  540 nm
fop protein and 570 nm for to ta l free amino acid using a UV-VIS Spectro­
photometer.
Ammonia in the w ater sample was determ ined by phenol hypochlorite 
method (Solarzano, 1969). Analysis was carried out immediately and optical 
density read a t  640 nm. The hourly excretion per gram of body tissue 
was calculated as per the  method elaborated by Regnault (1984).
S ta tis tica l comparison of means between control and experimental 
groups were carried  out according to  the method described by Snedecor 
and Cochran (1967). Students ’t ’ te s t  was applied for testing the  hourly 
significance of experim ental values in those which showed no overall 
significance.
Adult specimens of monoceros acclim atized  to  low 
saline (right) and high saline w a te r  (left).
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Whole animal
Ammonia
The am m onia excretion ra te  of prawns transferred  from low to  high 
saline w a ter  ranged from 62.5±0.24 to  46.18±0.14 ^ugN g"V et wt.h"^ 
(Table 1, Fig. 1), The values showed a  decreasing trend throughout the 
experim ental period. Significant variations (P <  0.05) could be seen when 
comparison is done with the  corresponding control values. The ammonia 
excretion ra te  o f prawns transferred  from high to  low saline w ater, on 
the  o ther hand, showed an increasing trend from 48.22±0.41 to  145-75±0.36 
^ugNg ^wet w t. h  ^ a t  the end o f 12th hr a f te r  which recouping e ffec t 
was noticed. However, the value remained high (n i.93± 0 .47  ^ugNg~^wet 
wt- h when com pared to  control, even a t  the end of 48th hr (Table 2, 
Fig. 1). Anova showed th a t values were s ta tis tica lly  significant ( P <  0.05) 
when compared to  contro l values.
Total F ree  Amino Acid (TFAA)
TFAA con ten t in the  haemolymph of prawns transferred from 
low to  high saline w a ter  ranged from 1.0±0,02 to  1.53±0.04 mg% (Table 
3, Fig. 2). The values showed an increasing trend  throughout the  experi­
m ental period. Significant increase (P <  0.05) could be seen when comparison 
is made with th e  contro l values. The TFAA content of the haemolymph 
of prawns tran sfe rred  from high to  low saline w ater ranged between 0.88±3.9
Table t. Ammonia excretion  r  a te  of the  prawn M, monoceros, transferred 
from low saline (59^) to  high saline w a ter  <35%o)
Ammonia excretion ra te  
(  ^ wet wt. hour~^)
Hours Control Experimental
0 ff.92
±0.02
4.60
±0.01
3
±0.16
62.50
±0.24
6 70.99
±0.28
58.16
±0.24
12 8ff.90
±0.36
59.12
±0.31
m- 73.20
±0.06
5S.20
±0.28
48 77.2^f
±0.71
46.18
±0.14
Ail values are  mean1 of 3 determ inations and figures represent 
ANOVA TABLE
X ± S D
Source d.f. Sum.Sqr. Mean Sqr. F-Value Remarks
Treat ) 630.133 630.133 8.26 SIG (5%)
Error 5 381.^^96 76.299
Hours
Ammonia excretion ra te  
( yUgNg"^ wet wt.hour"*)
Control Experimental
0 8.09 8.10
±0.30 ±0.007
3 5^ .^97 48.22
±1.15 ±0.41
6 71.10 121.14
±0.17 ±0.41
12 60.98 145.75
±0.18 ±0.36
1 19.40
±0.39 ±0.45
^8 55.88 1 1 1.93
±0.^1 ±0.47
All values a re  mean of 3 determ inations and figures represent X ± S D
ANOVA TABLE
Source d.f Sum. sqr. Mean. sqr. F-Value Remarks
Treat 1 ^801.36^^ 4801.364 7.50 SIG (596)
Error 5 3200.496 640.099
Fig. 1. Changes in the  ammonia excre tion  r a te  of
experim ental animals, monoceros transfe rred  
from their previous low saline acc lim atiza tion  
to  high saline w a ter  (35%o)and high saline 
acclim atization  to  low saline w a ter  (5%o)> 
in comparison with control animals.
A M MON IA  E X C R E T I O N  R A T E
A------A Con .  3 5 % o
A - - - A  Expt .  3 5 - 5 7 o o
Table 3. T otal f re e  am ino acid  co n ten t of haem olymph of th e  prawn 
M. m onoceros, tran sfe rred  from  low saline (5%o) to  high 
saline  w a te r (35%-)
Hours
Total f ree  amino acid 
(mg%)
Control Experimental
0 1.09 1.00
iO.Oif ±0.02
3 l.lO 1.2 f^
±0*04 ±0.05
6 0.97 1.3/f
±6.8 X 10"^ ±o.ou
12 0.91 ^ 1.36 ,
±8.6 X 10"^ ±6.5 X 10'^
2U 0.97 1.51
±0.01 ±0.04
0.97 1.53
±0.0J ±0.04
All values a re  mean of 3 determ inations and figures represent X ± S D
ANOVA TABLE
Source d .f .  Sum. Sqr. Mean Sqr. F-Value Remarks
Treat 1 0.325 0.325 9.83 SIG (5%)
Error 5 0.165 0.033
X 10 ^ to  0.95±2.05 X 10  ^ mg% (Table 4, Fig. 2). The values showed 
a decreasing trend  during the experim ental period. Anova showed significant 
decrease (P< 0.01) when compared to  control values.
TFAA conten t in the muscle of prawns transferred from low to
high saline w a ter  showed a transitory  increase during the experimental
period, when comparison was made with the control values. The level
fluctuated  betw een 1.37±8.5 x 10 ^ to  2.33±0.06 mg% a t  the end o f 12th
~3hr a f te r  which th e re  was a decrease (1.9±5.76 x 10 mg%) a t the end 
of 48th hr, showing recouping e ffe c t  of stress (Table 5, Fig. 3). The values 
were found to  be s ta tis tica lly  significant (P < 0 .0 1 ) .  TFAA in the muscle 
of prawns transfe rred  from high to  low saline w ater showed a transitory 
decrease from 2.54±0.07 to  0.99±5.4 x 10 ^ mg% (Table 6, Fig. 3) a t  the 
end of 12th hr a f te r  which there  was an increase (2.21±0.03 mg%) a t  the 
end of 48th hr showing recouping e ffec t .  Though anova did not show 
overall significance (P >  0.05), significant decrease could be seen during
12 and 24 hrs when comparison is made between the  experimental and 
corresponding control values.
TFAA conten t in the hepatopancreas of prawns transferred from 
low to  high saline w ater showed a  transitory increase from 2.32±0.03 to 
4.95±0.13 mg% (Table 7, Fig. 4) a t  the  end of 12th hr a fter which there 
was a decrease (3.24±0.07 mg%) a t  the  end of 48th hr. However, the 
level remained high when compared to  control. Anova showed significant 
increase ( P < 0 .0 5 )  throughout the  experim ental period. The level of TFAA
Table k. T o tal f re e  am ino acid  co n ten t of haem olym ph of th e  prawn 
m onoceros. tran sfe rred  from  high saline  {35%J  to  low 
saline  w a te r (5%.)
Hours
Total free  amino acid 
(mg%)
Control Experimental
0 1.12 0.95 ,
±5.5 X lO"-* ±2.05 X 10"^
3 I.Oif 0.88
±0.32 X 10"^ ±3.9 X 10'^
6 1.10 0.88
±0.04 ±4.6 X 10"^
12 1.33 0.92
±0.03 ±4.8 X 10"^
2^ 1.36 0.88
±0.02 ±9.8 X 10'^
48 1.35 0.94
±0.07 ±5.26 X 10
Ail values are  mean of 3 determ inations and figures represent X± 5 D
ANOVA TABLE
Source d.f. Sum. Sqr. Mean Sqr. F-Value Remarks
Treat 1 0.290 0.290 30.12 HI.SIG (1%)
Error 5 O.OJS 0.010
Fig.2. Changes in the to ta l  free  amino acid  content
of haemolymph of experim ental animals 
transferred  from the ir  previous low saline 
acclim atization to  high saline w a ter  (35%o) 
and high sgiline acc lim atiza tion  to  low S8iline 
w ater (5%o)> iii comparison with control 
animals.
TOTAL FREE AMINO ACID H A E M O L Y M P H
O------O Con. 5 7oo
O——O Expt. 35 Voo
Hours
Total free  amino acid 
(mg%)
Control Experimental
0 1.27 1.37
±0.06 ±8.5 X lO"-^
3 1.3^ 1.83
±0.01 ±0.03
6 1.52 2.23
±0.03 ±0.09
12 1.31 2.33
±0.01 ±0.06
l.i/-l 2.13
± 0 M ±0.02
1.51 1.90
±0.02 ±5.76 X 10'^
All values a re  mean of 3 determ inations and figures represent X± S D
ANOVA TABLE
Source d.f. Sum.Sqr. Mean Sqr. F-Value Remarks
Treat J 0.9SI 0.9SI 19.^3 HI.SIGO%)
Error 5 0.252 0.050
Hours
Total free  amino acid 
(mg%)
Control Experimental
0 2.65
±0.06
2.54
±0.07
3 2.33
±0.06
2.55
±0.05
6 2.14
±0.04
2.08
±0.05
*
12 2.20
±0.03
0.99 
±5.4 X 10'^ 
*
2ii 2.15
±0.04
1.46
±0.05
^8 2.2 0 
±0.49
2.21
±0.03
All values a re  mean of 3 determ inations and figures represent 
*
Values significant a t  P <  0.05 level.
ANOVA TABLE
X± S D
Source d.f. Sum.Sqr. Mean Sqr. F- Value Remarks
Treat
Error
1 0.283 0.283 
5 0.731 0.146
1.93 N.S.
Fig. 3. Changes in the to ta l  free  amino acid con ten t
of muscle of experim ental anim als transfe rred  
from their previous low saline acc lim atiza tio n  
to  high saline w ater (35%o) and high saline 
acclim atization to  low saline water(5%o) 
in comparison with control animals.
TOTAL FREE AMINO ACID
M U S C L E
Table 7„ Total free  amino acid content of hepatopancreas of the prawn 
M. monoceros. transferred  from iow saline (5%«) to high saline 
w ater (35%T)
Hours
Total free amino acid 
(mg%)
Control Experimental
0 2. IS 2.32
±0.0^ ±0>03
3 2.23 3.28
±0.06 ±0.02
6 2.6?
±0.02 ±0,06
12 2.21
±0.03 ±0.13
2.27
±0.09 ±0.08
U8 2.27 3.2^ *
±0.03 ±0.07
All values are mean of 3 determinations and figures represent X ± S D
ANOVA TABLE
Source d.f. Sum.Sqr. Mean.Sqr. F-Value Remarks
Treat 1 6.728 6728 U.SS SIC 0%)
Error 5 2.261 0.^52
content in the hepatopancpeas of prawns transferred from high to  low saline 
w ater ranged betw een  1.32±0.03 to  3.61±0.03 mg% (Table 8, Fig. 4). The 
values showed a  decreasing trend throughout the  experimental period. 
Though anova did not show overall significance {P>0.05) between the control 
and experim ental values, significant decrease could be seen a f te r  12 hrs 
when comparison is made with the corresponding control values.
Protein
Protein  con ten t of haemolymph in prawns transferred from low 
to high saline w a te r  ranged between 81.78±0.52 to  175.16±0.13 mg% (Table 
9, Fig. 5). The values showed a sustained decrease throughout the experi­
m ental period. S ta tis tica lly  significant variations (P <  0.05) could be seen 
between the experim ental and control values. Haemolymph of prawns trans­
ferred  from high to  low saline w ater, showed high levels of protein through­
out the experim ental period. The values ranged between 70.86±1.40 to 
204.74±0.26 mg% (Table 10, Fig. 5). Anova showed significant increase 
(P < 0 .01) throughout the  experim ental period.
Protein con ten t of the  muscle in prawns transferred from low 
to high saline w a ter  fluctuated between 16.46±0.01 to  24.81±0.63 mg% 
(Table 11, Fig. 6). When comparison is done between the experimental 
and corresponding control values, significant increase could be seen during 
24 and 48 hrs though anova did not show overall significance. In the  prawns 
transferred from high to  low saline water, the  protein content of the
Hours
Total free  amino acid 
(mg%)
Control Experimental
0 3.22 3.44
±0.06 ±0.03
3 3.23 3.61
±0.03 ±0,03
6 3.30 3.37
±0.02 ±0.03
12 3.36 2.17
±0.01 ±0.06
*
3.^f3 1.60
±0,02 ±0.04
*
3.60 1.32
±0.06 ±0.03
All values a re  mean of 3 determ inations and figures represent X± S D
*
Values significant a t  P <  0.05 level.
ANOVA TABLE
Source d f. Sum Sqr. Mean Sqr. F-Value Remarks
Treat 1 1.786 K786 2.72 N.S.
Error 5 3.289 0.658
Fig. 4. Changes in the total free amino acid content
of hepatopancreas of experimental animals 
transferred from their previous low saline 
acclimatization to high saline water (35 %q) 
and high saline acclimatization to low saline 
water(5%o), in comparison with control animals.
TOTAL FREE AMINO ACID
HEPATOPA NCR EAS
H o u r s
Hours
Protein
(mg%)
Control Experimental
0 171.35 J75.i6
±0.27 ±0.13
3 183.56 162.55
±1.37 ±2.29
6 181.12 I^^6.03
±0.10 ±0.^2
12 185.13 U5.89
±0.35 ±0.26
122.15
±0.58 ±0.60
185.45 81.78
±0.16 ±0.52
Ail values a re mean of 3 determ inations and figures represent X± S D
ANOVA TABLE
Source d.f. Sum. Sqr. Mean Sqr. F- Value Remarks
Treat 1 5613.157 5613.157 8.15 SIG (5%)
Error 5 34^f3.625 6SS.725
Hours
Protein
(mg%)
ControJ Experimental
0 67,79 70.86
±0-33 ±1.^0
3 7 7 . \5
±0.68 ±J.^I
6 9K25 155.79
±0.29 ±0.6^f
12 95.^7 171.20
±0.^^ ±0.33
79.39 183.21
± o , u ±0.33
77.7^ 20U,7t^
±0A0 ±0.26
Ali values a re  mean o f  3 determ inations and figures represent X± S D
ANOVA TABLE
Source d.f. Sum.Sqr. Mean sqr F-Value Remarks
Treat 1 162^+2.990 162^f2.990 18.32 H1-SIG(1%)
Error 5 ^i+33.078 886.616
Fig. 5. Changes in the  p ro te in  co n ten t o f haem olymph
of experim ental an im als tra n s fe r re d  from 
the ir  previous low saline acc lim atiza tio n  
to high saline w a te r  (35 high saline
acclim atiza tion  to  low saline w a te r  (5%oX 
in comparison with con tro l anim als.
P R O T E I N
H A E M O L Y M P H
^  Con. 5 °/o o 
o  — o Expt. 35%o
Hours
Protein
(mg%)
Control Experimental
0 15.35 16.46
±0.09 ±0.10
3 16>21 17.13
±0,23 ±0.09
6 15.41 17.67
±0.16 ±0.17
12 16.65 18.83
±0.19 ±0.79
*
2 .^ 16.23 21.23
±0 = 45 ±0.52
*
48 14,14 24,81
±0.36 ±0.63
All values are  mean of 3 determ inations and figures represent X+ S D
*
Values significant a t  P <  0.0 5. level. .
ANOVA TABLE
Source d.f. Sum. Sqr Mean Sqr. F-Value Remarks
Treat 1 40.806 40.806 5.91 N.S.
Error 5 34.547 6.909
muscle panged between 20.44±0.04 to 24.08±0.39 mg% (Table 12, Fig. 6). 
The values showed a decreasing trend throughout the experimental period. 
Though anova showed no overall significance, significant decrease could 
be seen during 24 and 48 hrs.
Protein content of the hepatopancreas in prawns transferred from 
low to high saline water ranged from 19.24±0.46 to  28.0t±0.36 mg% 
(Table 13, Fig. 7). Significant increase (P <  0,05) could be seen between 
the experimental and control values throughout the experimental period. 
In prawns transferred from high to  low saline water, protein content of 
hepatopancreas fluctuated between 17.56±0.26 to 24.56±0.15 mg%(Table 
14, Fig. 7). The values throughout the experimental period showed a decreas­
ing trend. Though anova showed no overall significance (P^O.05), significant 
decrease could be seen during 12, 24 and 48 hrs.
Isolated Muscle Tissue
Ammonia
The ra te  of ammonia excretion of isolated muscle tissue transferred 
from low to high saline water showed initially a transitory increase from 
43.43±0.67 to  62.18±0.12 ^ u N g 'V e t wt-h'^ a t the end of 6th hr though 
the value remained low when compared to  control. After 6th hr, the 
ammonia excretion ra te  started decreasing and reached 45.72±0,42^ugNg  ^
wet w t.h '^a t the end of 48th hr(Table 15,Fig.8). Significant decrease(P <0.01) 
could be observed throughout the experimental period. Ammonia excretion
Hours
Protein
(mg%)
Control Experimental
0 23.67 2^.0S
±0.39 ±0.39
3 23.38
±0.3i ±0.52
6 22.1! 2^.05
±0.3U ±0.11
12 23,35 22.12
±0 33 ±0.22
2U 23.88 20 31*
±0A2 ±0.18
US 2U.90 20,if if*
±0.13 ±0.0if
All values a re  mean of 3 determ inations and figures represent X± S D
*
Values significant a t  P <  0.05  level.
ANOVA TABLE
Source d.f. Sum Sqr. Mean Sqr. F-Vaiue Remarks
Treat 1 I.if58 1.^^58 0.39 N.S.
Error 5 IS.^f77 3.695
Fig. 6. Changes in th e  p ro te in  c o n te n t of muscle
of experim ental an im als t ra n s fe r re d  from 
th e ir  previous low saline acc lim a tiza tio n  
to  high saline w a te r  (35%©) from  high
saline acc lim atiza tion  to  low saline  w a ter  
com parison with co n tro l anim als.

Hours
Protein
(mg%)
Control Experimental
0 18.92 19.2£f
±0.29 ±0.^6
3 18.26 21.57
±0.59 ±0.03
6 18.32 21.78
±0.^3 ±0.51
12 18.12 21^.00
±0.68 ±0-38
2^ IS.92 26.13
0.^2 ±0.53
19.13 28.01
±0.35 ±0.36
All values are  mean of 3 determ inations and figures represent X+ S D
ANOVA TABLE
-Source d.f. Sum.Sqr. Mean Sqr. F-Value Remarks
Treat 1 70.^2 70A21 lif.73 SIG (5%)
Error 5 23.901 ^JSQ
Hours
Protein
(mg%)
C ontrol Experimental
0 21.88
±0.33 ±0.3J
3 26.) 3 24. n
±0.29 ±0.03
6 24.32 24.56
±0.!^ ±0.15
12 26.35 *21.72
±0.16 ±0.12
It* 25.29 19.76''
±0.38 ±0.18
*
25.73 17.56
±0.06 ±0.26
Ail values a re  mean of 3 de term inations and figures represent X± S D
»
Values significant a t  P <  0.05 level.
ANOVA TABLE
Source d.f. Sum. Sqr, Mean Sqr. F-Value Remarks
Treat I 32.292 32.292 5.51 N.S.
Error 5 29.328 5.866
Fig. 7. Changes in the  p ro te in  con ten t o f  hepatopanereas
of experim ental anim als t r a n s fe r re d  from 
th e ir  previous low saline acc lim a tiza tio n  
to  high saline w a te r  (35%q) and from  high 
saline acc lim atiza tio n  to  low sa line  water(5%o) 
in comparison with con tro l anim als.
p r o t e i n
HEPATOPANCREAS 
0— 0  Con. 5% p
Tabie 15. A m m onia ex cre tio n  r a te  of iso lated  m uscle tissue of th e  prawn
M. m onoceros, tra n sfe rre d  from  low saline (5%o) to  high saline 
w a te r {35%J  ^
Hours
Ammonia excretion ra te  
(y^gNg'^wet w t.h o u r”b
Control Experimental
0 7.28 5.30
±0.36 ±o.n
2 55.85 43.43
±1.36 ±0.67
It 7^f.27 55.84
±1.27 ±1.27
6 90.81 62.18
±0.55 ±0J 2
S S6.4^ 52.95
±1.5it ±0.52
10 82.66 48.35
±0.84 ±0.61
12 93.19 45.72
±0.47 ±0.42
All values are  mean of 3 determ inations and figures represent X± S D
ANOVA TABLE
Source d.f. Sum. Sqr. Mean Sqr. F-Value Remarks
Treat 1 2231.051 2231.051 19.02 HI .SIG(1%)
Error 6 703.871 117.312
ra te  of isolated muscle tissue transferred  from high to  low saline water 
panged from 66,36±0.11 to  98.4U 0.40 ^ugN g"V et wt.h'^^(Table 16, Fig. 
8). The values showed an increasing trend and overall excretion ra te  was 
significantly high (P < 0 .0 1 ) ,  when compared to  control throughout the experi­
mental period.
Total Free Amino Acid
TFAA con ten t in isolated muscle tissue transferred from low to 
high saline w a ter  increased from 1.62±0.05 to  2.2±0.03 mg% (Table 17, 
Fig. 9). When com pared to  the control, significant increase (P< 0.01) could 
t>e seen throughout the  experim ental period. Isolated muscle tissue trans­
ferred from high to  low saline w ater showed a decreasing trend in the 
TFAA con ten t. The values ranged between 1.11±0.02 to  2,1±0.01 mg% 
(Table 18, Fig. 9). Anova showed th a t  values were s tatistically  significant 
(P< 0.01) when com pared to  the control.
Protein
Protein  co n ten t in isolated muscle tissue transferred from low 
to high saline w a ter  ranged between 17.68±0.30 to  24.01±0,38 mg% (Table 
19, Fig. 10). The values showed an increasing trend up to  8th hr, a fte r 
which there  was a decrease (23.37±0.29) a t  the end of 12th hr. However, 
the value rem ained high when com pared to  control. In isolated muscle 
tissue transfe rred  from high to  low saline w ater, the  protein content ranged 
between 18.15±0.27 to  22.18±0.41 mg% (Table 20, Fig. 10). The values 
showed a decreasing  trend  th roughout the experim ental period. Anova
Table 16. Am m onia ex cre tio n  ra te  of iso lated  m uscle tissue of th e  prawn 
M. m onoceros, tra n sfe rre d  from  high saline (33%«) to  low 
saline  w a te r (5%„)
Hours
Ammonia excretion ra te  
t yugNg” w et wt. hour”*)
Control Experimental
0 8.62
±0.17 ±0.28
2 58.10 66.36
±0.52 ±0.11
U 6^f.93 78.46
±0A9 ±0.43
6 47.99 S8.36
±0.36 ±1.05
8 42.80 95.16
±0.60 ±0.32
10 47.36 9S.32
±0.27 ±0.35
12 48.1 1 98.41
±0.93 ±0.40
All values are mean of 3 determ inations and figures represent X± S D
ANOVA TABLE
Source d.f. Sum.Sqr. Mean Sqr. F-Value Remarks
Treat 1 3454.949 3454.949 14.52 HI.SIG(1%)
Error 6 1428.133 238.022
Fig. 8. Changes in th e  am m onia e x c re t io n  ra te
of isolated  muscle tissue  ta k e n  from  prawns 
of low saline acc lim atiza tio n  and  tran s fe rred  
to  high saline condition (35%q) and high 
saline acc lim atiza tio n  to  low saline  condition 
(5%o) in com parison with co n tro l group.
IS O L A T E D  M U S C L E T I S S U E
AMMONIA EXCRETION RATE
A------ A Con 3 5 7oo
A-------Expt. 5 %o
O------O C on . 57o o
0 - - - 0  E x p t . 3 5 % 0
Hours
Total free  amino acid 
(mg%)
Control Experimental
0 I.,^8 L62
± o.m ±0..05
2 1 ,86 L90
±0.08 ±0. 1 1
U- 1,38 L85
±0.,04 ±0.02
6 1.^6 1.70
± 0J0 ±0.03
8 2.,00
±0.01 ±0.07
10 1,37 2.15
± 0J3 ±0.02
12 1,^ +9 2.20
±0.05 ±0.03
All values a re  mean of 3 determ inations and figures represent X± S D
ANOVA TABLE
Source d.f> Sum., Sqr, Mean Sqr. F-Value Remarks
Treat \ 0,628 0,628 lif.95 HLSIG(1%)
Error 6 0.252 0,0^f2
th e  prawn M. monoceros, transferred from high saline (35%«) 
to  low saline w ater (5%«)
Hours
Total free  amino acid 
(mg%)
Control Experimental
0 2 ,20 2 J 0
+0.0S ±0.01
2 2,2^^ 2.03
±0>07 ±0c02
14- 2,35 1.82
±0,16 ±0.05
6 2 M 1.6^
±0,17 ±8.^ X 10'
8 2.22 1.33
±0.07 ±0.01
10 2,28 1.22
±0,05 ±0,02
12 2,21 I J  1
±0.09 ±0.02
Ail values a re  mean of 3 determ inations and figures represent X± S D 
ANOVA TABLE
Source d.f. Sum Sqr. Mean F-Value Remarks
Treat 1 l,57^f 1.57if 19.89 HLSiG(l%)
Error 6 0.U73 0.079
Fig.9. Changes in the total free amino acid content of isolated muscle 
tissue taken from prawns of low saline acclimatization and trans­
ferred to high saline condition (35%q) high saline acclimatization 
to low saline condition (5%o)> iri comparison with control group.
I S O L A T E D  M U S C L E T I S S U E
T O T A L  FREE A M IN O  ACID
^  ^  Con  .35 %o
E x p t . 3 5 - 5 % 0  
9----- o  C o n .  5 % o
Hours
Protein
(mg%)
Control Experim ental
0 18. 20 18.18
±0.05 ±0.09
2 18.98 17.68
±0.87 ±0-,30
k 19.68 22.12
±0.27 ±0,12
6 20.38 23.00
±0.29 ±0.33
8 2 2 A 2 2 ^ .0 \
±0.25 ±0.38
iO 18.15 23.37
±0.51 ±0.12
12 19.32 23.37
±0.25 ±0.29
All values a re  mean of 3 determ inations and figures represen t X± S D
ANOVA TABLE
Source d.f. Sum Sqr. Mean Sqr. F-Value Rem arks
Treat 1 15.190 15.190 6.02 SIG (5%)
Error 6 15.15 1 2.525
Hours
Protein
(mg%)
Control Experimental
0 24.25 2 2 J8
±0.54 ±0.41
2 22.91 21.53
±0.20 ±0.22
li- 22.74 20-55
±0.5S ±0.33
6 24.11 19.57
±0.37 ±0.06
S 23.84 18.66
±0.38 ±0.21
10 23.01 18.44
±0.39 ±0.14
12 24.34 18.15
±0.33 ±0.27
All values a re  mean of 3 determ inations and figures represent
X± S D
ANOVA TABLE
Source d.f- Sum Sqr. Mean Sqr F-Value Remarks
Treat I 48.717 48.717 29.04 HI.SIG(1%)
Error 6 10.065 1.678
Fig. 10 Changes in protein content of isolated muscle tissue taken 
from prawns of low saline acclim atization and transferred 
to high saline condition (35%q) and high saline acclimatization 
to low saline condition (5%o) in comparison with control 
group.
ISOLATED MUSCLE TISSUE
A— A C o n . 35 %
showed significant variation (P < 0 .0 1 )  on comparing with control values.
Protein and TFAA content of prawns in low and high saline waters
Protein and TFAA con ten t of haemolymph, muscle and hepato- 
pancreas of prawns of low saline w ater are  presented in Tables 21a and 
b. I t was found th a t  protein con ten t of muscle (15,67±0.82 mg%) and 
hepatopancreas (18.61±0.39 mg%) was low in prawns of low saline water, 
whereas in the  haemolymph, the  protein content recorded was high (Fig. 
11), TFAA co n ten t in the haemolymph (1.00±0.06 mg%), muscle (1.39±0.09 
mg%) and hepatopancreas (2.29±0.14 mg%) of prawns of low saline water 
was found to  be low (Fig. 12). Protein  and TFAA content of haemolymph, 
muscle and hepatopancreas of prawns of high saline w ater are  given in 
the Tables 22 a  and b. It was found th a t protein  content of muscle 
(23.18±1.23 mg%) and hepatopancreas (24.87±1.67 mg%) was high in prawns 
of high saline w ater, whereas in th e  haemolymph,the protein  content recorded 
was low (Fig. 11). TFAA con ten t in the haemolymph (1.22±0.13 mg%), 
muscle (2.28±0.18 m g% ) and hepatopancreas (2.58±0.93 mg%) of prawns 
of high saline w a ter was found to  be high (Fig. 12).
Neurosecretory cells
Depending on the  size, shape and staining properties, the  neuro­
secretory  cells observed in d ifferen t neuroendocrine masses of M. monoceros, 
were classified in to  five cell types viz, giant cells and type A, B, C and 
D cells. In th e  op tic  ganglion of the  eyestalk, only C and D type cells
could be seen in the  present study. In the cerebral ganglion all the  five 
types of ceUs have been observed. Whereas in the  thoracic and abdominal 
ganglion, giant cells along with A, B and C cell types have been noticed.
The changes th a t  appeared in the  neurosecretory cells of d ifferent neuro­
endocrine masses, a f te r  subjecting the  prawns to  low and high saline media 
are summarized in Table 23.
Prawns transferred  from low to high saline w ater showed less 
changes in th e ir  neurosecretory  cell ac tiv ity  when compared to prawns 
transferred  from high to  low saline w ater. Only the giant cells and type 
A cells exhibited some response. The cytoplasm o f these cells, appeared 
granular with few vacuoles. Nucleus with nucleoli was prominent in most 
of these cells. Some of the g iant cells and type A cells, showed irregulari­
ties in cellular profile (Plates L-P). There were no significant changes 
in the  d iam eter of cells in comparison with those of control prawns 
(Plates A-E).
Prawns transferred  from high to  low saline w ater shown increased 
secretory  ac tiv ity  in the ir neurosecretory  cells. Here also, only the  giant 
cells and type A cells exhibited response. The nucleus was large and promi­
nent with many nucleoli in them . The granular m ateria l of the cytoplasm 
was less dense and showed extensive vacuolization in many of these cells 
(P lates Q-V). The cellular profile showed irregularities and some of the 
cells were highly enlarged when com pared to  those of control prawns 
(Plates F-K).
Table 21(a) Protein  content of the haemolymph, m uscle and hepato- 
pancreas of the  prawn M. monoceros, of low saline w ater 
(5%o)
2 £ Qh
Haemolymph Muscle Hepatopancreas
182.18 15.67 18.61 
±0.82 ±0.39
Table 21(b). Total free  amino acid content of the  haemolymph, muscle 
and hepatopancreas of the prawn Mo monoceros, of low 
saline water(5%o)
-D
u
Haemolymph Muscle H epatopancreas
j_ 03 MH
to .5 tlO
o e  EH fO
1.00
±0.06
U39 2.29 
±0.09 ±0,1^^
All values a re  mean of 6 determ inations and figures represent X± SD
Table 22(a): P rotein  content of the haemolynooh, m uscle and hepato- 
pancreas of the prawn M. monoceros, of high saline 
w ater {35%J
Haemolymph Muscle Hepatopancreas
—r ^
O  g )
o c 81.46 23.18 2^f.87
CL
±9.27 ±1,23 ±1.67
Table 22(b). Total free  amino acid  content of the haemolymph, muscle 
and hepatopancreas of th e  prawn monoceros, of high 
saline w ater (35%o)
Haemolymph Muscle H epatopancreas
<D T 3
<0
03
1.22
±0.13
2.28 
±0 18
2.58
±0.93
All vaJues a re  mean of 6 determ inations and figures represen t X ± S D
Fig. 11. P ro tein  con ten t o f  haem olym ph, m uscle and hepatopancreas 
of prawns of low and high saline  w a ters .
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Fig. 12. Total free  amino acid  c o n ten t o f haem olym ph, muscle and 
hepatopancreas of praw ns of low and high saline waters.
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PI. A T.S. Of brain showing A, B and C ty p e  o f cells of
neurosecretory  cell group in low saline  acclim atized  
prawn. Note th e  dense granu lar cy top lasm , with few 
vacuoles in  them . M allory 's tr ip le  s ta in  X 200.
PI. B. Longitudinal section  o f tf» racic  ^ n g lic n  (T.O showing A,
B and C type of cells  o f low saline a cc lim a tize d  prawn. 
Note th e  dense g ranu lar cytoplasm  and com p ac t cells 
of the  neurosecre to ry  cell group. M allory 's  tr ip le  stain  
X 200.
PL. C. Another view o f L.S* o f T.G. showing g ian t cell type
in low saline a cc lim atized  praw n. N o te  th e  dense 
granular cytoplasm w ith  few vacuoles and prominent 
nucleus. Mallory's tr ip le  s ta in  X 200.
PI. L. T.S. of b ra in  showing g ian t c e l l  ty p e  along with B
type cells of neu rosecre to ry  ce ll group in  experim ental 
prawn, exposed to  high saline w a te r .  N ote  the  less 
dense cytoplasm , p rom inent nucleoli and  vacuolization
in the  g ian t cells. M allory’s tr ip le  s ta in  X 200.
PI. M. L.S. of T.G. showing the  g ian t ce lls  along with other
cell types in experim en ta l prawn exposed to  high saline 
w ater. N ote the  less  dense cy toplasm  o f  g ian t cells 
and type  A cells showing vacuoles and ir reg u la r i t ie s  in cell­
ular profile. M allory's tr ip le  s ta in  X 200.
PI. N. Another view of L.S. o f T.G. showing g ia n t ceU type
in experim ental prawn exposed to  high saline  w ater. 
Note the  less dense cytoplasm  with vacuoles, Mallory's 
trip le  s ta in  X 200.

PI. D T.s. of abtbmiral giigIion(A.O showing type  A cells  along
with o ther cell types in low saline ace lim ati2« i  prawn. 
Note the  dense granular cytoplasm  o f th e  cells . Mallory s
triple s ta in  x 200.
PI, E. Another view of T.S, o f A.G. showing type  A, B and
C cells, in the  neu rosecre to ry  group o f  low  saline acc li­
m atized prawn. N ote th e  granular cy toplasm  o f the  
type A cells with few vacuoles. Mallory^s tr ip le  s ta in  
X 200.
P I, F . T.S. of b ra in  showing g ian t cells w ith  o th e r  ce ll types
of neurosecretory  cell group in high saline  acc lim atized  
prawn. Note the  dense granular cy top lasm  with few 
vacuoles and prom inent nucleus in them  showing no 
irregularities in cellu lar profile , Mallory^s tr ip le  s ta in  
X 200.
PI. O T.S.of A.G. showing g ia n t  cells along w ith  A,B and
C type cells in the  neu ro secre to ry  group in experim ental 
prawn exposed to  high saline w ater . N ote  th e  extensive 
vacuolization in giant cells  and A type  ce lls  with irregu la ­
rities in cellular profile. M allory's tr ip le  s ta in  X 100,
PI* P* Another view of T.S. o f A.G. showing g ian t ce ll type
in experim ental prawn exposed to  high saline w ater, 
Note the  extensive vacuolization  in th e  cytoplasm  and 
irregular profile of the  cells showing m any nucleoli 
in ^ h e  nucleus. Mallory's tr ip le  s ta in  X 200.
PI. Q. T.S. of b ra in  showing g ian t cell type  o f  neurosecre tory
ceU group in experim ental prawn, exposed to  low saline 
water. Note the  less dense granu lar m a te r ia l o f  the  
cytoplasm with extensive vacuolization  and showing 
many nucleoli in the  nucleus. M allory 's tr ip le  s ta in  
X 200.

PI. G. Another view of th e  T.S. of b ra in  showing A, B,C
and D type of cells in high saline acc lim atized  prawn. 
Note the  dense g ranu lar cytoplasm  and com pact cells 
of the  neurosecre to ry  group. M allory 's trip le  stain  
X 200.
PI. H. L-S. of T.G. showing A type o f ce ll in high saline
acclim atized  prawn. N ote the  dense granular m ateria l 
in the  cytoplasm and prom inent nucleus. Mallory's 
trip le  s ta in  X 200.
PI. I. Another view of L.S. o f  T.G. showing type  A, B and
C cells in high saline  acc lim atized  prawn. Note the
granular dense cytoplasm  with few  vacuoles in them . 
Mallory’s trip le  s ta in  X 400.
PI. R. Another view of th e  T.S. of b ra in  showing A, B, C
and D type cells in experim en tal prawn exposed to  
low saline w ater. N ote the  less dense cytoplasm with 
extensive vacuolization in A type  o f cells. Mallory's
trip le  sta in  X 200.
PI* S. L.S. of T.G. showing A, B and C type  cells  in experim ental
prawn exposed to  low saline w a te r . Note the  less 
dense granular m a te r ia l in the  cytoplasm  with extensive 
vacuolization in type  A cells. M allory 's trip le  sta in  
X 200.
PL T. Another view of L.S. o f  T.G, showing type  A cells
along with o ther cells in experim en ta l prawn exposed 
to  low saline w a ter . Note the  less  dense cytoplasm 
with extensive vacuolization  and showing irregularities 
in cellular profile in type  A cells. M allory's trip le  
stain  X 200.

PL J .  T.S. of A.G, showing g ian t cells along with o ther cell
types in high saline acc lim atized  prawn. Note the 
dense granular cytoplasm in than-M allory 's trip le  sta in  X 
200.
PI. K. Another view of T.S. o f A.G. showing A type of cells
in high saline acc lim atized  prawn. N ote  the  dense
granular cytoplasm o f the  cells. Mallory^s tr ip le  stain  
X 200.
PI, U. T.S. of A.G. showing g ian t cells in  experim ental prawn
exposed to  low saline w a ter . Note the  highly enlarged 
giant cells showing m any nucleoli in th e  nucleus and 
extensive vacuolization in the  cytoplasm  with irregular 
cell margin. Mallory’s tr ip le  s ta in  x 200.
PI. V. Another view of T.S. of A.G. showing g ian t cells with
other cell types in the  neurosecre to ry  cell group of 
experim ental prawn exposed to  low saline w a ter . Note 
the  less dense granular cytoplsism showing many 
nucleoli in the  nucleus, Mallory's tr ip le  s ta in  X 200.
Abbreviations used in photomicrographs;
dgc -  dense granular cytoplasm , ev -  ex tensive  vacuolization, 
icm -  irregular cell margin, Idc -  less dense cytoplasm, 
mnu -  many nucleoli, icp -  irregu lar cell profile.

The re su lts  of the  p resen t investigation showed tha t the  ammonia 
excretion ra te  of th e  prawn monoceros is inversely re la ted  to  salinity. 
The findings a re  in ag reem ent with observations made by Needham (1957) 
in maenas, Jeuniaux  and Florkin (1961) in sinensis, Emerson 
(1967 and 1969) in euryhaline molluscs, Mangum ^  (1976) in C. sapidus, 
and Spaargaren ^  (1982) in P. japonicus. Haberfield ^  (1975) also 
reported an in c rease  in ammonia excretion  ra te  with decrease in salinity 
and suggested th a t  lower salin ity  acclim ation involves increased catabolism 
of amino acids resu lting  in an increased excretion. Studies by Gerard
and Gilles (1972) and Mangum ^  (1976) indicated an increase in the 
ammonia level in th e  blood of C, sapidus under hyposmotic stress. Vincent- 
Marique and Gilles (1970) also recorded  high levels of ammonia in the  muscle 
tissue of ^  sinensis, on exposure to  diluted media. These results may 
be indicative of th e  m odifications in tissue deam ination activity , as they 
are concom itant w ith changes in ammonia level in the  blood and tissues. 
According to  Mangum ^  (1976), ammonia excretion ra te  depends not 
on the am m onia p resen t in th e  blood, but ra th e r on the activ ity  of the 
transport ATPase system . This e ffe c t  can be explained by considering 
the role of am m onia in maintaining the alkali reserve of the  animal a t 
hyposmotic s tre ss . According to  Schoffeniels and Gilles (1970), intracellular 
isosmotic regu la tion  mainly resu lted  from variations of the amino acid 
concentrations. These variations could e ither be due to  synthesis or breakdown
of peptides and pro te ins  (Gilles, 1977; Richard, 1982) or due to  catabolism 
or synthesis o f am ino acids (Campbell, 1973; Schoffeniels, 1976). Jeuniaux 
^  (1961) and H aberfield e t  ^  (1975) opined th a t  changes in ammonia 
excretion with salin ity  could be linked to  the  catabolism  or synthesis of 
amino acids. However, Apmitage and Morris (1982) did not observe any 
significant change in the  amino acid concentration  of Neomysis integer 
in response to  environm ental salinity . Mangum e t ^  (1976) and Pressley 
al. (1981) re p o rte d  ac tiv e  sodium uptake following the transfer to  a 
hypotonic medium which was re la ted  to an increased ammonia excetion 
pate and a possible reversa l o f this exchange (Arm strong ^  1981) was 
observed following tra n s fe r  to  hypertonic medium. Regnault (1984) found 
that the ra te  of am m onia excre tion  doubled as salinity dropped from 34%q 
to 14%o and la te r  reduced to  1/3rd of the  value as salinity returned to 
34%o. Spaargaren  ^  aL (1982) also reported  high excretion ra te  in 
P. japonicus when salin ity  was brought down from 31 to  21 In the
present study in monoceros, ammonia excretion  ra te  was found to be
significantly high and showed an increasing trend  when salinity dropped 
from 3 5 - 5 %0 -O n  th e  o the r hand, in higher salinity  the  excretion ra te  reduced 
and showed a decreasing  trend . The increase or decrease of ammonia 
excretion r a te  under d iffe ren t salinity  conditions may possibly be related 
to m odifications in the  a c t iv ity  of am ination ■" deamination sequence of 
the amino acids. P resen t investigation also showed th a t  animals transferred 
to  higher sa lin ity  during the f irs t  2-3 hrs kept a high ammonia efflux ra te  
and animals tra n s fe rre d  to  lower salinity  kept a  low ammonia efflux ra te
during the f irs t  2-3 hrs. Similar observations were also reported by Spaargaren 
^  (1982). Thus the  am m onia efflux  is not instantaneously coupled to  
medium salinity , but adapts gradually, probably concurrent with internal 
alkali co n cen tra tio n  (Spaargaren e t  a l., 1982).
Gilles and Schoffeniels (1969), in the ir  experim ents on isolated 
nerve tissue of E. sinensis, found th a t  ammonia undergoes significant variation* 
The authors found decrease  in ammonia in  isolated nerve durir^  adaptation 
from fresh w ate r  to  seaw ater . On the other hand, significant increase 
in ammonia was observed during acclim ation to  freshw ater. The ammonia 
excretion ra te  of isolated muscle tissue was found to  be high in low saline 
medium and decreased  ammonia excretion ra te  was observed in high saline 
medium in the  p resen t study as reported  by Gilles and Schoffeniels (1969). 
The fac t th a t  am m onia undergoes significant variation agrees with the 
in terpreta tion  th a t  during hyperosm otic stress, a net synthesis of amino 
acids takes place from ammonia and re lease  o f  ammonia from the tissues 
takes place under hyposmotic s tre ss  (Gilles, 1979).
Many studies on  the  free  amino acid content of whole animals, 
isolated tissues and cells exposed to  osm otic s tresses have shown th a t the 
tissue FAA a re  ac tive ly  regulated  according to  the  variations of the  osmo- 
larity  of the  ex trace llu la r fluid (Gilles, 1979; Schoffeniels and Gilles, 1970 
and 1972). Thus with an increase in salinity of the external media, there 
is a  corresponding increase in the  levels of free  amino acids and a corres­
ponding d ecrease  in the  to ta l  free  amino acid level has also been observed
with a d eerease  in salinity. This variation has been clearly proved in 
many in v e rteb ra te  anim als and particu la rly  in decapod erustaeeans(Sehoffenzels 
and Gilles, 1970 and 1972; Bedford and Leader, 1977; McCoid ^  1984 
and Dalla Via, 1986). The fa te  o f amino acids in whole animals subjected 
to  osmotic s tre ss  is mostly dependent on in terac tions between different 
tissues. Blood peptide m ate ria l ac ting  as a  reservoir of amino compounds 
may be im p o rtan t in this respec t. In the  Chinese crab E. s inensis, under 
hyposmotic s tre ss  th e re  was a trans ito ry  increase in the  blood concentration 
of free am ino acids (Spaargaren ^  1982), On the basis of changes 
in to ta l am ino-nitrogen  con ten t of the  blood of maenas withstanding 
osmotic s tre ss , Siebers (1972) proposed th a t  most of the amino acids
participating in th e  cellular volume regulation process occurring in such 
conditions a re  coming from th e  ex tracellu lar space. Increased efflux of 
amino acids from tissues to  blood in euryhaline species undergoing hyposmotic 
stress is ind ica ted  by several studies showing th a t  an increase in blood 
amino co n ten t takes  place concom itant to  the  deerease observed a t the 
tissue leve ls  (Je ffr ie s , 1966; Clark, 1968, Binns, 1969; Gerard and Gilles, 
1972; Gilles, 1977). However, Boone and Claybrook (1977) reported decreased 
levels of FAA in the  haemolymph of ^  herbstii under low saline condition.
In the  p resen t investigation, decreased levels o f  TFAA in the  haemolymph 
was noticed under hyposmotic condition which could be related  to  the  incre­
ased amino acid  transpo rt across the  plasma m em brane or due to  enhanced 
oxidative deam ination  of amino acids, as corresponding increase in ammonia 
levels were observed in the  presen t study.
Siebers ^  (1972) reported  tha t during hyperosmotic stress 
there is a s light transito ry  decrease  in TFAA content in the blood of C. 
maenas^ According to  the  authors, this decrease might be re la ted  to  an 
increased up take  o f  amino acids from the blood by various tissues. Gilles 
(1977) has also reported  slight decrease  in FAA content in the haemolymph 
of E. sinensis. In the  present study, increased levels of TFAA was noticed 
in the haemolymph under hyperosm otic condition. It is interesting to  note 
tha t corresponding with the  increase in TFAA in the haemolymph, there 
was a decrease  a t  the  tissue levels a f te r  24 hrs. This increase could be 
related to  the  efflux  of amino acids from tissues to  blood across the  plasma 
membrane under hyperosm otic s tress  and simultaneous reduction in the 
ammonia excre tion  ra te .
Several studies on the a lte ra tions  in the  FAA pool during adaptation 
to  low salin ity  have shown th a t  the re  was a decrease in tissular content 
of amino acids (Vincent-Marique and Gilles, 1970; Gerard and Gilles, 1972), 
Studies by R ichard and Ceccaldi (1975) showed th a t  FAA content in the 
muscle of ^  kerathurus decreased  while in hepatopancreas i t  increased, 
under hyposmotic s tress . Boone and Claybrook (1977) also reported decreased 
levels of FAA in gills, muscle and hepatopancreatic  tissue of ^  herbstii, 
under low saline condition. Farm er and Reeve (1978) analysed the FAA 
content of whole A cartia  tonsa and found the level of FAA to  be reduced 
in hyposmotic condition. Studies by Florkin e t  al. (1964) and Gilles 
and Schoffeniels (1969) appear to  support the idea th a t  decrease 
in the free  am ino acid pool is not accomplished prim arily by incorporation
of amino acids in to  tissue protein. Gilles and Gerard (1974) and Gerard 
(1975) have in te rp re ted  th a t the decrease  in in tracellu lar amino acid content 
under hyposmotic s tre ss  may be due to  enhanced oxidation and an increased 
efflux through cell membrane. The observations made in the present study 
are in ag reem ent with the  findings reported by earlier workers (Florkin, 
1962; Vincent-M arique and Gilles, 1970). The level of TFAA was found 
to  decrease in the  muscle and hepatopanereas, though the decrease was 
very prom inent only during 12 and 24 hrs in the  muscle tissue and during 
12, 24 and 48 hrs in the  hepatopancreatic  tissue.
Gilles (1974) has observed increased levels of FAA in the  tissues 
subjected to  hyperosm otic shock. Baginski and Pierce (1977) have found 
that to ta l amino acid  pool increased in the  tissues of the whole animal 
of demissus during high salinity  acclim ation. Gilles (1977) has reported 
slight decrease in the  FAA con ten t in haemolymph, and simultaneous increase 
of FAA in the  tissues of ^  sinensis. But in the  present study, increased 
FAA level in the  haemolymph, muscle and hepatopanereas was observed 
corresponding with a decrease in ammonia excretion ra te . This increase 
in tissues may be due to  decreased  amino acid oxidation or active synthesis 
of peptide m olecules and also decreased efflux of FAA, as reported by 
Gilles (1972 and 1974).
Changes in the amino acid content have been shown to  occur 
in isolated tissues subm itted to  osmotic shocks, Gilles and Schoffeniels 
(1969) found th a t  the  concentra tion  of amino acids in the isolated axons 
of E. sinensis decreased in hyposmotic condition. In fac t a decrease in
amino acids in the  isolated axons o f  K  sinensis have been reported by many 
workers (G erard and GiUes, 1972; Gilles, 1972 and 1974; GiUes and Gerard 
1974; Gerard, 1975). According to  these  authors, the  decrease in the  intra- 
eeUular amino acid con ten t appears to  be essentiaUy due to  both an increase 
in the oxidation of amino acids and an increase in the  passive permeability 
of the plasm a m em brane leading to  an increased efflux of amino acids. 
Similar observations were also reported  by Lang and Gainer (1969) in the 
muscle fibres o f  C . sapidus and Pierce and Greenberg (1970) in the isolated 
heart muscle o f  _M, modiolus. In the  present study, i t  was observed that 
corresponding with the  decrease  in TFAA content of the  muscle and hepato- 
pancreas, th e re  was an increase in ammonia excretion  ra te . This decrease 
in TFAA may possibly be due to  increased oxidative deamination of amino 
acids as rep o rted  ea r lie r  by o th e r workers (Jeunlaux and Florkin, 1961; 
Florkin e t  a l., 1964).
Florkin £ t  (1964) have dem onstrated  th a t  the amount of amino 
acids showed an increase in the  muscle of ^  sinensis under hyperosmotic 
condition. In a  sim ilar way, Bedford (1971) also showed th a t  amino-nitrogen 
increased in the  isolated foot muscle of the  mollusc M> trifasc ia ta  submitted 
to hyperosm otic conditions. According to  this author, the increase in amino 
acids is not re la te d  to  a  decrease  in o ther in tracellu lar nitrogenous compounds, 
However, no s ignificant m odifications in the  amino acid efflux could be 
recorded by G erard  and Gilles (1972). In fac t, Gilles (1972 and 1974) and 
GiUes and G erard  (1974) observed decrease in amino acid oxidation during 
hyperosmotic condition, Florkin and Schoffeniels (1965) have proposed that
the cation c o n ten t of the  cell, which would decrease or increase in concen­
tra tion  during adap ta tion  to  low or high salinity respectively, could modulate 
an enzyme or enzym e system  d irec tly  involved in amino acid metabolism. 
In the presen t s tudy  also, the  TFAA content of isolated muscle tissue showed 
a significant increase  under hyperosm otic condition. Concom itant with 
the increase in TFAA levels the  ammonia excretion  ra te  decreased. This 
increase could be in te rp re ted  in te rm s of decreased oxidative deamination 
of amino acids or decreased efflux of amino acids and a t  the  same time 
increased addition o f amino acids to  the  m etabolic pool (Gilles, 1979).
Experim ental evidences on the e ffe c t  of osmotic stress on protein 
modifications in c rustaceans a re  lim ited. Some studies have linked the 
alterations of p ro te in  con ten t with th a t  of to ta l  free  amino acids (Bedford, 
1971; V enkatachari, 1974). Jeuniaux and Florkin (1961) and Binns (1969) 
reported th a t the  protein con ten t of blood increased during hyposmotic 
stress, while in the  same condition there  is an increased nitrogen excretion 
essentially due to  increased loss o f NH^ and free  amino acids. Ferraris 
e t  aj_. (1986) reported  sim ilar observations in P. monodon, though the blood 
protein c o n ten t was well regu la ted  within 24 hrs. Pequeux ^  (1979) 
also observed the same trends in ^  sinensis, C. maenas, C. sapidus, Uca 
minax and Libina em arg inata . Similar changes have been reported in C. 
maenas also by Siebers ^  (1972) and Gilles (1977) and in Astacus 
fluviatilis and E. sinensis by Gilles (1977). Moreover, Boone and Schoffeniels 
(1979) also rep o rted  increased haemocyanin synthesis in C. maenas submitted 
to  50% seaw ater . According to  these  authors in such conditions of acclimation
to  dilute m edia, th e  increase in blood protein containing may help
the animals in m eeting the increased tissular oxygen demand. However, 
Dali (1974a,b) and Hepper (1978) opined th a t  protein content in the 
haemolymph is a lso  g rea tly  a ffe c ted  by nutritional s ta te  as well as dietary 
source and salin ity  might not be an im portant fac to r  in determining protein 
concentration in haemolymph excep t in unusually high or low salinities 
(Ferraris ^  1986). In the  presen t investigation also, the  protein content 
of haemolymph was found to  be increasing in low saline condition. This 
increase in blood proteins could be re la ted  to  modifications in the  activity 
of synthesis or re la ted  to  variations in the  amino acid transport th a t  occur 
a t the level o f  plasm a m em brane (Gilles, 1977).
Im portan t m odifications a t  the  level of blood serum proteins during
hyperosmotic conditions were also reported. Lee and Pyung (1970) and
2+
Siebers ^  ^  (1972) observed decrease in the  Cu containing proteins 
in the blood of E. sinensis and C. maenas subjected to  hyperosmotic stress.
Significant decrease  in the  blood protein level was also observed in the 
present study. For this reverse  in te rp reta tion  could be considered i.e., 
during hyperosm otic s tress, th e re  was increased degradation or decreased 
synthesis of blood serum peptidic m ateria l as reported by Gilles (1977).
A few studies on the  modifications of protein content in different 
tissues have shown th a t  the  protein  content decreased under hyposmotic 
condition. Boone and Claybrook (1977) observed a decrease in the tissue 
FAA con ten t o f the  mud crab  P. herbestii, when the  animals were acclim ated 
to  lower salin ities. Florkin ^  ^  (1964) opined th a t the source is either
from m etabolic  pool or through d ie ta ry  origin, while Bedford (1971) and 
Venkataehari (1974) reported  i ts  mobilisation from tissue protein. In the 
present investigation, the re  was substan tia l increase in the  protein content 
of haemolymph under hyposmotic condition concom itant with decrease in 
the protein  c o n ten t of muscle and hepatopancreas though the decrease 
was prom inent only during 24 and 48 hrs. D ecrease in the  tissue protein 
observed in the  p resen t study could be due to  increased catabolic process.
This has been re f le c ted  on the  high ra te  of ammonia excretion.
Studies on the protein  modification in tissues under hyperosmotic 
conditions a re  lacking. Siebers (1972) found no significant change in the 
protein co n cen tra tio n  in whole Oreonectus limosus during acclim ation to 
high salinity . Thus it appears th a t  equilibrium between protein and amino 
acids plays a  minor role, i f  any, in the  adjustm ent of amino acid pool 
(Gilles and Schoffeniels, 1969; Florkin A  ^  1964). However, McCoid 
e t al, (1984) observed a g ra  dual increase in the  free amino acids in the 
muscle of ^  vannam ei, when subjected to  increasing salinities. They found 
a maximum increase  in glycine besides alanine, proline and arginine. Similar 
observations w ere also reported  by Dalla Via (1986) in the  juveniles of 
kurum a prawn P. japonicus. There was an increase in the protein content 
of muscle and hepatopancreas under hyperosmotic condition in the  present 
study though th e  increase in muscle tissue was prominent only during 24 
and 48 hrs. This increase may possibly be due to decreased oxidative 
deam ination o f amino acids or degradation of blood proteins, resulting in 
a trans ito ry  increase  of FAA in the tissues and a concomitant rise in the 
protein con ten t. I t is also in teresting  to  note th a t protein and TFAA content
of muscle and hepatopancpeatic  tissue of M. monoceros was much higher 
in concen tra ted  seaw ate r  ra th e r  than in diluted w ater. This point has 
been well su b stan tia ted  by Florkin and Scheer (1970).
Studies on the varia tion  o f protein con ten t on isolated tissues 
throw light on the  concept th a t  the  equilibrium betw een proteins and amino 
acids play only a  minor role in the  adjustm ent of the amino acid pool, 
during cell volume regulation process. Florkin ^  (1964) found that 
the amount of proline and alanine obtained from protein hydrolysis does 
not vary sign ifican tly  under hyperosm otic condition in ^  sinensis. Gilles 
and Schoffeniels (1969), while studying the  amino acid pa tte rn  in isolated 
nerve tissue o f ^  sinensis found th a t in tracellu lar metabolic mechanism 
involved could resu lt from the  activ ity  of a synthesizing process and not 
from a  m odification of the s teady  s ta te  between amino acids and protein, 
since protein  co n ten t did not vary significantly. Such a conclusion was 
also supported by Florkin e ^  (1964) and Schoffeniels (1967), In the 
present s tudy , the  protein con ten t o f  isolated muscle tissue under hyposmotic 
condition decreased  significantly with an increase in ammonia excretion 
ra te . This decrease  could be re la ted  to  increased oxidative deamination 
of amino acids as the re  was a  corresponding increase in the ammonia excre­
tion. On the  o ther hand, protein  content under hyperosmotic condition 
was found to  increase  significantly with a  corresponding increase in TFAA 
content and decrease  in the  ammonia excretion ra te  thereby indicating 
decrease  in oxidative deam ination of amino acids.
Till recen t tim es, th e re  is no c lea r  cut indication of a possible 
role for hormonal in te rac tion  in isosm otic regulation of the  intracellular 
fluids. It is the re fo re  s u ^ e s te d  th a t  the  fa te  of amino acids in whole 
animals sub jec ted  to  osm otic  s tress  is most likely to  be dependent on in ter­
actions betw een  the  d iffe ren t tissues. An argum ent favouring this view 
is found in the  resu lts  of D uchateau and Florkin (1962), where the authors 
showed th a t  rem oval of eyesta lk  gland did not a lte r the  isosmotic regulation 
power o f sinensis. It is also evident from the experim ents performed 
on iso la ted  nerves (Schoffeniels, 1960; Gilles and Schoffeniels, 1969) th a t  
the isosm otic regulation process is not under hormonal control since, the 
isolated tissue is able to  regu la te  its amino acid level with respect to  
osmotic pressure  o f  the  ex te rna l medium. But it  is understood tha t with 
the exception  of substances d irec tly  involved in molting and reproduction, 
hormones a re  produced and released from the  neuroendocrine centres parti­
cularly, op tic  ganglion, tho rac ic  ganglionic mass and brain. Studies correlating 
to  changes in the  appearance  of neurosecre tory  cells with an osmoregulatory 
response a re  m eagre in crustaceans.
Van den Bosch (1976) observed changes occurring in the medial 
neurosecre to ry  cells in the  protocerebrum  of Artem ia salina under hyper 
aid hyposTWtic ocnditlcns. Ffc reported th a t anim als kept in dilute seaw ater showed 
increase in th e ir  sec re to ry  ac tiv ity . Whereas, in animals kept in concentrated 
saline w a te r  the  neurosecre tory  cells diminish their ra te  of secretion and 
becom e filled  with acidophilic granules and thus appears to  become inacti­
va ted . In his work, Van den Bosch (1976) has not mentioned in detail
types of cells of d ifferen t neuroendocrine masses or the individual response 
of d iffe ren t cell types to  osm otic stress. The observations made on the 
neurosecretory  cell activ ity  in re la tion  to  osmotic responses in M. monoceros 
are  in ag reem en t with the  findings reported by Van den Bosch (1976).
In the  p resen t study, the  responses of giant cells and type A, B, C and 
D cells of d iffe ren t neuroendocrine masses were observed. This is for 
the first tim e th a t  individual neurosecretory cells of d ifferent neuroendocrine 
masses have been studied in response to  osmotic stress. Observations made 
here are  promising but requires fu rther detailed studies.
S U M M A R Y
The present study was carried out to  understand the physiological 
mechanism involved in the osmoregulation of the  prawn, Metapenaeus 
monoceros. Two sets  of experim ents were conducted in the present investi­
gation. In the  first se t, low saline acclim atized prawns were transferred 
to  high saline medium and in the  second se t, high saline acclim atized prawns 
were tran sfe rred  to  low saline w ater. The e ffe c t  of sudden salinity variation 
was then studied by determ ining the organic constituents namely, protein 
and TFAA in the haemolymph, muscle and hepatopancreas and also the 
ammonia excretion  ra te  of the  prawn. Similar experiments were also condu­
cted  on isolated muscle tissue. The changes occurring in neurosecretory 
cells in response to  d ifferent osmotic environment were also studied. 
The results obtained in the  present investigation are summarized below.
Ammonia
In prawns transferred  from low to  high saline w ater {35 %o) the 
ammonia excretion  ra te  showed a decreasing trend  and the excretion ra te  
was reversed, when prawns acclim atized  to  high saline w ater (35 %o) were 
transferred  to  low saline w ater (5%o).
In isolated muscle tissue, ammonia excretion ra te  showed significant 
decrease and remained low till the  end of 12th hr in high saline water 
(35 %o). On the  o ther hand, when transferred  from high to  low saline water
(5%o), am m onia excretion  r a te  showed an increasing trend and remained 
high throughout the  experim ental period.
Total Free Amino Acid (TFAA)
TFAA in the  haemolymph of whole prawn increased significantly 
when tran s fe rred  to  high saline w ater (35%o)* Whereas, on transferrir^  
prawns from high to  low saline w ater (5%o) the  TFAA content decreased 
significantly. TFAA con ten t in the  muscle of prawns exposed to  high saline 
water (35 %q) showed a s ignificant increase throughout the experimental 
period. W hereas, in prawns exposed to  low saline water (5%q) significant 
decrease was observed only during 12 and 24 hrs of experim ental duration.
TFAA c o n ten t in the  hepatopancreas of prawns exposed to  high saline 
water (35 %o) increased  significantly . Whereas, in prawns exposed to  low 
saline w ater (5%q) significant decrease was more pronounced a f te r  12th 
hr.
In isolated muscle tis su e , TFAA con ten t showed significant increase 
when exposed to  high saline w a ter (35%o)* the  other hand, it  decreased 
significantly when tran sfe rred  from high to  low saline water {5%o)*
Protein
In the  prawns tran sfe rred  to  high saline water (35%o), the  protein 
content o f haem olymph showed a  decreasing trend  and remained low during 
the experim en ta l period. On the  o ther hand, in prawns transferred  from
high to  low saline (5%o) w ater haemolymph protein showed an inereasing 
trend throughout the tim e of experiment. The protein content of muscle 
in prawns transferred  to  high saline w ater (35 %q) showed significant increase 
only during 24 and 48 hours. But, in prawns transferred to  low saline 
w ater (5%q) the  protein content showed a decrease which was more prominent 
during 24 and 48 hrs. The protein content of hepatopancreas showed an 
increasing trend  in prawns transferred  to  high saline water(35%o). Whereas, 
in prawns transferred  to  low saline w ater (5%o) protein content decreased 
significantly a f te r  12 hrs and the  decrease continued till 48th hr.
The protein content of isolated muscle tissue transferred to  low 
saline w ater (5%q), however, showed a transitory  increase up to  8th hr. 
When transfe rred  to  high saline water (35 %q) i t  showed a decreasing trend 
throughout the  period of experim ent.
Neurosecretory cells
Prawns transferred  from low to  high saline water showed decreased 
activ ity  in th e ir  neurosecretory  cells when compared to  prawns transferred 
from high to  low saline w ater. Only giant cells and type A cells of different 
neuroendocrine masses exhibited response. In other cells response was 
not th a t  pronounced.
Prawns transferred  from high to  low saline w ater showed increased 
activ ity  in th e ir  neurosecretory  cells. Here also only the giant cells and
type A cells exhibited response and response by other cell types were not 
th a t pronounced.
The results obtained in the present investigation illustra te  a signi­
ficant role played by TFAA, protein and ammonia excretion to  fulfil the 
osmoregulatory needs of the  animal. The variations showed increased mobi­
lization of protein  in the form of FAA from the tissues to  haemolymph 
thereby, resulting in a decrease in the  TFAA content of tissues and an 
increase in haemolymph protein and also accelerated catabolic activity 
of the  amino compounds under hyposmotic condition. The possibility of 
reverse process during hyperosmotic stress is also predicted i.e., mobilization 
of protein from haemolymph to  tissues resulting in a rise in the  level of 
TFAA and protein  in the tissues and a fall in the  protein level in the haemo­
lym ph,concom itant with decreased catabolic activ ity  of the amino compounds. 
The isolated muscle tissue also achieved cell volume regulation in a  similar 
way by modifying the am ination-deam ination activ ity  of amino compounds. 
Moreover, the  observations made on the changes occurring in different 
neurosecretory  cells im plicate th a t neuroendocrine factors may have some 
role in the  control of osmoregulation.
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